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SUMMARY 


Direct-reading  design  charts  are  presented  for  24S-T  aluminum-alloy 
flat  compression  panels  having  longitudinal  farmed  Z-sectlon  stiffeners. 
These  charts  make  possible  the  direct  determination  of  the  stress  and 
all  the  panel  proportions  required  to  carry  a  given  Intensity  of  loading 
with  a  given  skin  thickness  and  effective  length  of  panel. 


INTRODUCTION 


Design  charts  far  wing  compression  panels  have  been  presented  In 
several  different  farms.  (See  references  1  and  2.)  In  reference  3,  a 
form  was  developed  which  permitted  the  direct  selection  of  proportions 
for  given  values  of  the  principal  design  conditions  —  Intensity  of 
loading,  skin  thickness,  and  effective  length  of  panel.  This  form  also 
made  possible  the  ready  determination  of  the  proportions  having  mlnlmim 
weight  to  meet  these  conditions.  Die  charts  presented  In  reference  3 
covered  75S-T  aluminum-alloy  flat  compression  panels  having  longitudinal 
stralght-web  Y-eection  stiffeners.  Similar  charts  for  24S-T  aluminum- 
alloy  panels  with  extruded,  straight-web  Y-eection  stiffeners  are 
presented  In  reference  4,  and  direct-reading  design  charts  for  24S-T 
aluminum-alloy  panels  with  formed  Z—section  stiffeners  are  presented 
herein. 


SYMBOIS 

The  symbols  used  for  the  panel  dimensions  are  given  In  figure  1. 
In  addition,  the  following  symbols  are  used: 

c  coefficient  of  end  fixity  as  used  In  Euler  column  formula 

d  rivet  diameter.  Inches 

length  of  panel.  Inches 


L 
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rivet  pitch.  Inches 

compressive  load  per  Inch  of  panel  vldth,  hips  per  Inch 


cross-sectional  area  per  Inch  of  panel  vldth,  expressed  as  an 
equivalent  or  average  thickness.  Inches 

radius  of  gyration.  Inches 

average  stress  at  falling  load,  ksl 

stress  for  local  buckling  of  sheet,  ksl 

compressive  yield  stress,  ksl 


DIKECT-HEADIHFG  DESICS  CHARTS 


Direct-reading  design  charts  for  2k8-T  aluminum-alloy  flat  compression 
panels  with  longitudinal  formed  Z— section  stiffeners  having  the  properties 
and  proportions  given  In  tables  1  to  5  are  presented  In  two  forms  in 
figures  2  to  9.  In  the  first  form  (figs.  2  to  5)>  the  design  conditions 
of  Intensity  of  loading,  effective  length  of  panel,  and  skin  thickness 


,  pl 

are  Incorporated  In  the  ordinate  P,  /tg  and  the  abscissa  .  This 

W/c 

form,  having  the  design  conditions  Incorporated  In  the  ordinate  and 
abscissa.  Is  the  more  useful  for  most  design  purposes  because  the  curves 
are  more  widely  spaced  and  Interpolation  Is  more  straightforward.  In 
the  second  (alternate)  form  (figs.  6  to  9),  the  average  stress  at 
failure  Of  Is  plotted  against  P^/tg  as  was  done  In  the  summary  plots 


of  reference  5.  This  alternate  form,  having  the  stress  —  an  Inverse 
measure  of  velgxt  for  a  given  load  —  as  ordinate.  Is  the  more  useful 
for  making  generalizations  and  comparisons  of  structural  efficiency 
because  It  shows  how  nearly  the  stress  actually  carried  approaches  the 
upper  limit  corresponding  to  the  stress  that  would  be  achieved  by  a  pure 
shell  construct lan  If  a  pure  shell  could  carry  the  load  without  failure. 

This  upper  limit  of  stress  Is  represented  by  the  lines  for  <Xf  - 


(infinite  stiffener  spacing)  In  figures  6  to  9* 


-S 


Values  of  the  ratios  of  stiffener  thickness  to  skin  thickness  ty/tg, 

spacing  of  rivet  lines  to  skin  thickness  S/tg  (because  there  Is  one 
rivet  line  associated  with  each  Z-sectlon,  the  stiffener  spacing  bg  is 

equal  to  S,  the  spacing  of  rivet  lines),  and  height  of  stiffener  to 
stiffener  thickness  H/ty,  which  will  satisfy  the  design  conditions,  may 
be  found  directly  from  these  charts,  and  the  corresponding  section 
properties  $/t0,  h/tg,  and  p/tg  may  be  found  from  tables  2  to  5»  In 


a 
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the  first  form  of  design  chart  (figs.  2  to  5)  dashed  lines  are  used  to 
Indicate  values  of  average  stress  at  failure  a^i  whereas,  on  the  alternate 

form  of  design  chart  (figs.  6  to  9)  dashed  lines  are  used  to  Indicate 


values  of 


I*//c 


In  both  forms  the  value  of 


corresponding  to  the 


point  at  which  each  curve  is  cut  by  a  short  heavy  line  Is  the  value  of 


the  stress  for  local  buckling 


for  the  proportions  represented  by  the 


figure  2  is  approximately  29  ksi 


•  (c 


H  S 

curves.  For  example,  the  value  of  cr_  for  -—  =  21  and  —  =  35  in. 

(cr  t*  ts 

Only  a  short  panel  of  these  proportions 

P1  >  \ 

would  buckle  before  failure  -  one  having  a  value  of  - =  0.27.)  If 

L//c  / 

the  value  of  ocr  Is  so  low  that  the  short  heavy  line  would  fall  outside 
the  boundaries  of  the  chart,  a  numerical  value  of  ocr  Is  given  and  Is 

associated  with  the  proper  proportions  by  a  leader  to  the  curve.  The  panel 
proportions  which  have  minimum  weight  are  Indicated  on  both  forms  of 
these  charts  by  the  use  of  colors  as  follows: 

(l)  If  the  proportions  correspond  to  a  blue  region,  they  are  the 
proportions  which  give  the  lightest  possible  24S-T  Z-etiffened  panel 
which  will  meet  the  design  conditions 

(2)  If  the  proportions  correspond  to  a  red  region,  they  are  the 
llgrtest  possible  at  the  ratio  of  stiffener  thickness  to  skin  thickness 
given  by  that  particular  chart,  but  some  other  thickness  ratio  would 
give  a  lighter  design 

(3)  If  the  proportions  correspond  to  a  white  region,  the  proportions 
meet  the  design  conditions,  but  they  are  not  the  lightest  which  will 
meet  the  conditions 


Because  In  many  cases  the  proportions  may  be  varied  somewhat  from 
those  Indicated  by  the  red  and  blue  regions  with  little  change  In  the 
value  of  the  stress  that  can  be  carried,  too  much  Importance  should  not 
be  attached  to  the  exact  proportions  indicated  by  the  colors  to  have 
minimum  weight.  In  any  particular  case  for  which  a  deviation  from  the 
minimum-weight  proportions  Is  made,  however,  caution  dictates  that  the 
weight  penalty  associated  with  this  deviation  be  determined. 

The  direct-reading  design  charts  presented  herein  were  developed  In 
the  manner  described  In  reference  3  from  the  test  data  and  resulting 
curves  given  in  reference  2. 

j  By - ^ 

t_Dle*rib*l sm&j 
Availability  a 
sun V 

•1st  Sjwaial 


Pi 
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USE  QF  THE  DIRECT-READING  DESIGN  CHARTS 


T^iw  manner  of  using  the  direct— reading  design  charts  depends  in 
some  measure  an  the  desired  degree  of  precisian  of  Interpolation  among 
the  curves.  For  many  purposes,  interpolation  hy  inspection  is  of  adequate 
accuracy,  and  the  use  of  the  charts  requires  only  the  calculation  of  the 

,  pi 

values  of  the  design  parameters  P^/tg  and  to  permit  the  desired 

proportions  to  he  read  directly  from  the  curves.  The  proportions  for 
hHtHihitm  -weight,  moreover,  may  he  found  directly  as  those  corresponding 
to  the  blue  region  on  the  curves. 

If  more  accurate  interpolation  is  desired,  a  plot  can  readily  he 
made  of  H/ty,  S^,  and  ocr  against  S/tg  at  the  given  values  of  Pj/tg 
Pj 

and  -  and  the  proportions  can  he  picked  from  it.  (This  plot  is 

L//c 

similar  to  that  which  results  from  the  use  of  the  minimum-weight  design 
procedure  with  the  previously  available  design  charts  as  illustrated  in 
reference  2. )  On  a  plot  of  this  type,  the  proportions  for  minimum 
weight  correspond  to  those  associated  with  the  highest  value  of  . 

As  a  check  on  the  accuracy  of  interpolation,  the  cross-sectional 
area  per  inch  of  width  of  the  deslffi  may  he  determined  from  the 
values  of  t/tg  given  in  tables  2  to  5  and  the  value  of  the  Intensity 

of  loading  P^  that  can  he  carried  on  this  cross— sectional  area  per  inch 
at  the  value  of  Op  given  hy  the  charts  may  then  he  compared  with  the 
design  value  of  P^. 

ILLUSTRATIVE  EXAMPLE 


In  order  to  illustrate  the  use  of  the  direct  reading  design  charts 
and  the  simplicity  of  the  computations  associated  with  them,  a  panel 
will  he  desiffied  for  minimum  weight  to  meet  the  same  principal  design 
conditions  used  to  illustrate  the  deslgi  procedures  in  reference  2, 
namely: 

(1)  Intensity  of  loading  P^  «  3.0  kips  per  inch 

(2)  Skin  thickness  tg  *  0.064  inch 

(3)  Effective  length  L//5  -  20  inches 
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Pi 

First  the  values  of  P^/tg  and  r  are  calculated 


i/ts  “  l7^ 

!l,  3-0 
tg  ”  0.064 

-  46.9  kei 

3.0 

L//c  “  25^T 

-  0.15  ksl 


Then  a  trial  value  of  tjf/tg  Is  assumed  (tar  the  example  ^  ■  0.79 
vlll  he  used^.  In  the  chart  far  this  value  of  ty/tg  (fig.  4)  the  points 

p. 

corresponding  to  the  design  values  of  Pi/tg  and  —f—  lie  on  the  red 

L/r® 


line  at 


✓  V  * 

^  «  26  |or  ^  ■  2!y.  Accordingly,  the  value  of  H/ty  far 


mlnlinam  weight  far  —■  -  0.79  Is  26,  and  because  the  value  Is  established 

*8 

by  a  red  line,  not  a  blue  line,  some  value  of  ty/tg  other  than  0.79  vlll 
give  less  weight.  Inspection  of  the  charts  for  other  values  of  ty/tg 
reveals  that  at  the  given  design  values  of  Pi/tg  and  1  the  blue 

region  lies  between  r—  ■  26  and  r-  *  31  on  the  chart  far  «  O.63. 


By  Interpolation,  the  panel  proportions  corresponding  to  this  blue  region 


are  found  to  be 


£*29.5  (£**8.?)  £-^*35, 


and  far  these  proportions  Of  ft  30.5  ksl  and  a  30*5  ksl,  which  are 

the  values  for  minimum  weight.  The  actual  panel  dimensions  can  be 
calculated  from  these  proportions  as 


it 

tsts 


0.63(0.064) 
0.0403  Inch 
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H 


JE_ 


*V 


»  29.5  (0.040) 

>1.18  Inches 


S 


_S_ 

tS 


-  35(0.064) 

■  2.24  Inches 

end  the  section  properties  can  he  determined  from  table  3  as 


-  3.92(0.064) 

*  0.251  Inch 


-  6.02(0.064) 

*  O.385  inch 


In  order  to  Illustrate  the  use  of  the  direct-reading  design  charts 
vhen  more  accuracy  than  that  corresponding  to  Interpolation  by  Inspection 
Is  desired,  a  plot  has  been  made  (fig.  10)  of  the  values  of  ocr, 

/  Pi 

and  H/ty  given  by  the  charts  at  the  desl&i  values  of  Pj/tg  and 

The  proportions  which  give  the  highest  value  of  can  be  readily 
selected  from  a  plot  of  this  kind.  (For  the  example  these  proportions 
arc  so  nearly  the  same  as  were  obtained  by  Inspection  that  the  values 
will  not  be  repeated.) 
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As  a  check  on  the  accuracy  of  interpolation,  the  magnitude  of  t/tg 

for  these  proportions  can  he  determined  from  table  3  and  multiplied  by 
the  values  of  tg  and  Of  for  the  design.  This  product  should  be  equa 

to  the  design  value  of  P^.  Tor  the  example 


and 


Of  »  30.;  Icsi 

—  -  1.538 


oft 

*8 


*8 


-  30.5(l. 538)(0.06U) 

■  3*0  kips  per 'inch 


which  agrees  with  the  design  value  of  P^  originally  assumed. 


Langley  Aeronautical  Laboratory 

national  Advisory  Committee  for  Aeronautics 
Langley  Field,  Va.,  August  2,  19^8 
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TABU  1.-  NATBQAL  FB0PBBT1JP  (M  2k8JT 
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Figure  i  -  Symbols  for  panel  dimensions. 


fiffun  2. -Omct- noting  dmtgn  chart*  for  24S-T  aluminum- oHoy  2-thfformd  panti*.  —*0 
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L//T 


V 

Ftgurt  3,-Diract'rtadtng  dottgn  chart  tor  24S~T  otomtnm-oOay  Z~  ttVfoaod  pormtt.  -f£*0S3. 


4- 


oOrmimm  oMfo  Z~»HffoooO  pomtt,  !m*OS! 


figur*  6rOrre*-rooOm§  Oos+i  chort  (aHornofo  form)  for  Z4S-T 
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